Effect of a high alpha-linolenate and high linoleate diet on membrane-associated enzyme activities in rat brain--modulation of Na+, K+- ATPase activity at suboptimal concentrations of ATP.
Semi-purified diets supplemented with either a high alpha-linolenate (n - 3) (perilla) oil or a high linoleate (n - 6) (safflower) oil were fed to rats through two generations. Rats fed safflower oil showed a decrease in docosahexaenoic acid (n - 3) and a compensatory increase in docosapentaenoic acid (n - 6) in all the brain regions and organelles examined, when compared with rats fed perilla oil. As reported previously, the safflower oil-fed rats exhibited inferior learning ability compared with the perilla oil-fed rats (N. Yamamoto et al., J. Lipid Res. 28, 144 (1987)). Using brains of rats in these dietary groups, the activities of several enzymes, Na+ , K+-ATPase, Ca2+-ATPase, 5'-nucleotidase, 2',3'-cyclic nucleotide phosphodiesterase, acetylcholinesterase, and choline acetyltransferase in membranes, were compared. The 5'-nucleotidase activity in cortex and hippocampus, and the Na+, K+-ATPase activity in myelin decreased slightly but significantly in the safflower oil group. None of the other membrane-associated enzyme activities in all the brain regions and organelles examined was affected significantly by the dietary fatty acids under optimal assay conditions in vitro. However, in the safflower oil group, the Na+, K+-ATPase activity of synaptosomes at a suboptimal concentration of ATP was 78% that in the perilla oil group. These results suggest that relatively large changes in the proportions of n - 3 and n - 6 polyunsaturated fatty acids in brain membranes caused by dietary manipulation do not provoke significant alterations in most membrane-bound enzyme activities. However, a small but significant change in Na+, K+-ATPase activity at a suboptimal concentration of ATP may be implicated in the altered learning behavior reported earlier.